Nephrotoxic nephritis (NTN) is characterized by a marked increase in glomerular eicosanoid synthesis, which appears to play an important role in the pathophysiology of this disease model. In this study, we investigated the biochemical and cellular basis of this metabolic change. By examining the enzymatic conversion of exogenous substrates by intact glomeruli, we found that cyclooxygenase, TX synthase, and 5-lipoxygenase activities increased 4-, 8-, and 100-fold, respectively, in acute NTN. PGH2-PGE2 isomerase and leukotriene A4 hydrolase activities did not change. The cellular basis of these changes was examined using dissociated glomerular cells in vitro and by depleting platelets in vivo. Dissociated glomerular cells from nephritic glomeruli (largely mesangial cells and leukocytes) exhibited an enhanced arachidonate metabolism similar to intact nephritic glomeruli. Depletion of neutrophils (PMNs) from these cell preparations by 90% commensurately decreased 5-lipoxygenase and cyclooxygenase activity but had little effect on TX synthase activity. The recovered PMN fraction, however, did exhibit TX synthase activity. Immunocytochemical analysis of dissociated cells using an antiplatelet antibody demonstrated the presence of platelets, both adherent to cells and noncell associated. Depletion of platelets in vivo using this antibody substantially attenuated the increase in glomerular eicosanoid synthesis that accompanied NTN. Platelet depletion also decreased the influx of PMNs into the glomerulus by 50%. These data show that PMNs and platelets colocalize to the glomerulus in acute NTN and are coordinately essential to the increase in glomerular arachidonate metabolism. (J. Clin. Invest. 1993. 91:766-773.)
Introduction
Tissue injury is often accompanied by alterations in local eicosanoid production, which may then play a pathophysiological role in the resultant tissue damage and/or dysfunction (1) .
phenomenon (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . NTN and related models of immunemediated glomerulonephritis are characterized by glomerular inflammation, marked alterations in glomerular eicosanoid production, as well as glomerular dysfunction (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . These alterations in glomerular eicosanoid production appear to be critically important to the pathophysiology of this disease model. Eicosanoids may mediate many of the changes in renal function (e.g., glomerular filtration and renal blood flow) that are part ofthe glomerular lesion in NTN (2, 5, 13) . Moreover, it appears that eicosanoids may mediate or modulate the cellular component of the glomerular inflammation (7, 8, 10) . The mechanisms regulating glomerular eicosanoid synthesis in inflammation, however, remain to be fully clarified.
With respect to eicosanoids, normal glomeruli constitutively make predominantly PGE2 and smaller amounts of TX ( 14) . The mesangial cell agonist angiotensin II selectively increases the synthesis of these cyclooxygenase metabolites, implying a mesangial cell origin for these metabolites ( 14) . Leukotriene(LT)B4 is not made constitutively by glomeruli or in response to angiotensin II but can be produced in response to calcium ionophore ( 15) . Studies have suggested that LTB4 synthesis by normal glomeruli is largely due to the resident macrophage population ( 15 ) .
With glomerular inflammation (e.g., NTN) a marked increase in products of the 5-lipoxygenase and cyclooxygenase pathways has been observed (2, 3, 5, 8, 9, 12) . lonophore-stimulated glomerular LTB4 rises acutely (i.e., between 1 and 6 h) but returns to control levels rapidly (within 24 h) (3, 9) . A more prolonged increase in constitutive or agonist-stimulated glomerular TX production is seen in NTN, which begins acutely but continues throughout the heterologous and autologous phases of the disease (2, 5, 8, 9) . Interestingly, despite a severalfold increase in TX synthesis, production of the cyclooxygenase metabolite, PGE2, is only modestly affected (2, 8, 9) . Of necessity, the biochemical and cellular underpinnings of the changes seen with glomerular inflammation must be complex.
Glomerular inflammation and the accompanying changes in glomerular eicosanoid production are clearly interrelated. Several in vivo studies using a variety of manipulations have shown correlations between the inflammatory cell influx and the changes in glomerular eicosanoid production (4, 9, 12) .
The consensus ofthese studies is that the invasion ofleukocytes is necessary for the increase in glomerular LTB4 and TX production, although it is not entirely clear what the roles of the various participating leukocytes (i.e., neutrophils [PMNs] and macrophages) are, nor how they may interact with resident glomerular cells or other circulating blood elements (such as platelets) to produce the changes in glomerular eicosanoid production.
The current study focuses on two issues. One is understanding the underlying alterations in glomerular arachidonate metabolism in terms of delineating the changes in the enzyme activities of the arachidonate metabolic cascade. This problem is approached by measuring the activities of the individual enzymes using the appropriate substrates (arachidonate, PGH2, and LTA4). Additionally, we have endeavored to correlate these biochemical changes with the changing cellular composition of the glomerulus using both Preparation and use of antisera. The preparation of nephrotoxic serum has been described previously (8) . In short, rabbits were repeatedly immunized with glomerular basement membrane harvested from rat glomeruli (1 mg/ml emulsified in PBS/adjuvant 50:50). Rabbits were bled 10 d after immunization, and fresh serum was harvested and decomplemented. To induce nephritis, rats were given a dose of 0.5 ml of nephrotoxic serum/ 100 g body wt i.v. Proteinuria was measured by the Bradford assay (Bio-Rad Laboratories). Preimmune serum had no effect on either glomerular eicosanoid production, glomerular leukocytes, or proteinuria (data not shown).
An anti-rat platelet polyclonal antibody was raised by repeatedly immunizing rabbits with 1 x 109 washed rat platelets (emulsified in PBS/adjuvant 50:50). Rabbits were bled 10 d after the final immunization, and fresh serum was harvested and decomplemented. Serum was then adsorbed against a suspension of rat erythrocytes and leukocytes.
The adsorbed serum was then used in vivo to deplete platelets. Animals were injected with 2.0 ml ofantiplatelet antibody 16 h before induction of NTN. This dose of antibody depleted platelets by > 99% (< 1,000/ mm3) but did not significantly affect circulating leukocyte counts (13,100±1,000 vs. 13,800+600 in platelet depleted and controls, respectively). The antiplatelet antibody also did not significantly deplete circulating complement levels: 0.281±0.030 vs. 0.277±0.060 OD units/0.5 ,ul serum in a hemolytic assay in the two groups, respectively (CompQuick; Sigma; Chemical Co.).
We additionally assessed the effect ofplatelet depletion on the deposition of nephrotoxic serum and the accompanying deposition ofcomplement in the glomerulus in NTN. Glomerular isolation and incubations. Glomeruli were isolated from saline-perfused kidneys using a sieving protocol described previously ( 14) . Preparations were -90% pure. Glomeruli were then permeabilized with collagenase/DNAase, rinsed with Krebs-Henseleit buffer, and incubated for two 10-min periods at 370C in Krebs-Henseleit buffer containing fatty acid-free bovine serum albumin ( 1 mg/ ml) to preserve viability and stabilize the preparation ( 14) . Next the glomeruli were incubated without any agonist for 10 min to determine basal eicosanoid production. After the determination of constitutive eicosanoid synthesis, glomeruli were exposed to one of three different substrates (arachidonate, PGH2, or LTA4) to assess the various enzymes of the arachidonate metabolic cascade. Alternatively, glomeruli were exposed to I gM angiotensin II or 10 qM ionomycin to determine agonist-stimulated eicosanoid production as previously detailed (9, 14) .
To assess cyclooxygenase and 5-lipoxygenase activities, glomeruli were incubated with 10 ,uM arachidonate. I ,iM ionomycin was also added since arachidonate alone is only inefficiently metabolized via the 5-lipoxygenase pathway ( 15 ) . Metabolism via 5-lipoxygenase requires coaddition of arachidonate with a low concentration of calcium ionophore ( 15) . After 5 min, incubations were stopped by removal of the glomeruli by centrifugation. Supernatants were then assayed for PGE2, TX, and LTB4 by radioimmunassays as previously detailed ( 16) .
To assess TX synthase, glomeruli were exposed to 10 ,uM PGH2 for 1 min. Because of the aqueous instability of PGH2, glomeruli were added to substrate. Incubations were stopped by the addition of 1 vol ethanol followed by centrifugation. Aliquots of the supernatant were dried under N2, and TX was determined by radioimmunoassay.
LTA4 hydrolase was measured in a similar fashion. Glomeruli were added to tubes containing LTA4 (formed from the hydrolysis on ice of LTA4 methyl ester) for 2 min (final concentration, 10 tIM). Incubations were stopped by the addition of 1 vol ethanol. Incubations were then dried under N2, resuspended in 1 ml of methanol/water (50:50), and fractionated by high pressure liquid chromatography to separate LTB4 from its nonenzymatic (and cross-reactive) hydrolysis products.
High pressure liquid chromatographic separations were performed on a chromatograph (model 338; Beckman Instruments, Inc., San Ramon, CA) run by System Gold using a reverse-phase column (75 mm column, 3 ,um particle size; Beckman Instruments, Inc.) eluted at 1 ml/min using a linear gradient of methanol into water (from 50 to 100% over 20 min ). Fractions comigrating with authentic LTB4 were collected, dried under N2, and assayed for LTB4 by radioimmunoassay.
Glomerular dissociation, leukocyte depletion, and cell incubations.
Glomeruli were isolated as described above and dispersed into singlecell preparations using a variation of a previously published enzymatic dissociation protocol ( 17, 18) . This type of enzymatic digestion yields a single-cell suspension of mesangial cells and leukocytes. Occasional endothelial cells are present; however, epithelial cells are largely lost during the protocol. In the first step, glomeruli were placed in HBSS with 10 mM Hepes containing collagenase, trypsin, and DNAase (100, 5, and 20 U/ml, respectively) and rocked at room temperature for 20 min. Afterwards, glomeruli were pelleted by centrifugation at 500 rpm and rinsed three times with cold HBSS without calcium or magnesium. In the second step, glomeruli were incubated in HBSS without calcium or magnesium containing 2 mM EDTA at 370C for 15 min with agitation. Partially intact glomeruli and single cells were subsequently removed by centrifugation. In the third step, the partially intact glomeruli and single cells were incubated in HBSS with 10 mM Hepes containing 1 mg/ml collagenase for 15 min at 370C, and then forced through a 22-gauge needle several times to yield a single-cell suspension. Basement membrane and debris were filtered out by passing the cells through siliconized glass wool.
Cell counts were performed after dissociation to obtain total cell yields and to assess viability (uniformly > 90% by trypan blue exclusion). Cell dispersions were then further fractionated into adherent and nonadherent subpopulations by incubating the suspensions in a 35-mm culture dish for 1 h at 370C. Nonadherent cells were subsequently removed by agitation and gentle aspiration.
To assess cyclooxygenase and 5-lipoxygenase activity, cell suspensions were incubated in a microfuge tube ( initially assessed flux through the cyclooxygenase and 5-lipoxygenase pathways by providing exogenous arachidonate. As shown in Fig. 1 A, production of PGE2 from exogenous substrate increased twofold in NTN relative to control. TX synthesis was increased -10-fold in acute NTN (Fig. 1 A) . Total cyclooxygenase activity (estimated by the conversion ofarachidonate to both PGE2 and TX) increased three-to fourfold (Fig.  1 B) . With exogenous arachidonate, the 5-lipoxygenase pathway was a minor one in normal glomeruli. In acute NTN, however, 5-lipoxygenase activity increased 100-fold and became the dominant metabolic pathway (Fig. 1 A) .
As noted in Fig. 1 Figure 2 . Conversion of LTA4 and PGH2 by glon from control and nephritic rats were isolated and tI exogenous LTA4 and PGH2 to LTB4 and TX, resp mined as detailed in Methods. n = 3 for all groups. nificantly different than NTN only for TX (P < 0.
----lar dispersions and were present in numbers comparable to those in normal glomeruli (Fig. 3 B) . We subjected these cell dispersions to short-term culture to deplete leukocytes by adherence. As shown in Fig. 3 tions from inflamed glomeruli, however, adherence depleted leukocytes by 70% (Fig. 3 B) . This result was due to the depletion of PMNs (> 90% decrease; Fig. 3 B) . As with normal glomeruli, adherence was ineffective in removing the macrophage subpopulation (Fig. 3 B) . Both The increase in the activity of the 5-lipoxygenase pathway was further investigated by examining the downstream enzyme, LTA4 hydrolase. As shown in Fig. 2 , glomerular LTA4 hydrolase was unaffected by the induction of glomerular inflammation. Therefore, although in normal glomeruli the 5-lipoxygenase was the apparent rate-limiting step for its respective pathway, the glomerular LTA4 hydrolase became the apparent rate-limiting step of the 5-lipoxygenase pathway in the context of acute NTN.
In sum, the glomerular inflammation of acute NTN was characterized by a 3-to 4-fold increase in cyclooxygenase, an 8-fold increase in TX synthase, and a 100-fold increase in 5-lipoxygenase with no apparent change in the PGH-PGE2 isomerase or LTA4 hydrolase.
Cellular correlates ofthe changes in glomerular arachidonate metabolism in acute NTN. We subsequently investigated the cellular basis ofthe above changes in glomerular arachidonate metabolism using glomerular cell dispersions. Dissociation of normal glomeruli yielded -120 cells per glomerulus containing 16% leukocytes (LC antigen-positive cells) (Fig. 3 A) . The remainder of the cells were largely mesangial cells (80-90% Thy-1 positive by immunocytochemistry). The leukocytes present in normal glomeruli were almost exclusively macrophages (Fig. 3 B) . In acute NTN, glomeruli were clearly hypercellular and yielded 192 cells per glomerulus upon dispersion (Fig. 3 A) . This increase was solely due to an increase in leukocytes (Fig. 3 A) . Mesangial cell number remained constant (Fig. 3 A) . The leukocytes present in acutely inflamed glomeruli were largely PMNs (Fig. 3 B) . Macrophages comprised only 20% ofthe leukocytes present in inflamed glomeru- Fig. 4 A, cell dispersions from normal glomeruli made small amounts of LTB4 (which were just detectable) and small amounts ofTX. PGE2 was the dominant product from these cell dispersions (Fig. 4 A) . Arachidonate metabolism by the nonadherent cells was comparable to the unfractionated population (Fig. 4 A) .
Cell preparations from nephritic glomeruli exhibited a marked enhancement in eicosanoid synthesis relative to preparations from normal glomeruli: LTB4 production was increased 30-fold; TX production was increased 25-fold; and PGE2 production was increased 4-fold (Fig. 4 A) . Total cyclooxygenase activity (the sum of the conversion of arachidonate to TX and PGE2) also rose four-fold (Fig. 4 B) above, the ratio ofTX to PGE2 reflects changes in TX synthase activity in acute NTN. From Fig. 4 A, it was calculated that the relative TX synthase activity rose 10-fold in cell dispersions from nephritic glomeruli (Fig. 4 B) . Thus, arachidonate metabolism by the glomerular cell dispersions largely paralleled the results derived from whole glomerular incubations detailed above (Fig. 1) .
Removal of PMNs from cell preparations from nephritic glomeruli by adherence (90% depletion) led to a comparable decrease in LTB4 production (90% decrease) (Fig. 4 A) . Moreover, the adherent cell population (which consisted solely of PMNs) exhibited an increased 5-lipoxygenase activity relative to the unfractionated cells (LTB4 59±13 fmol/hug cell protein, n = 4, p = 0.06 vs. unfractionated cells from nephritic glomeruli). Thus, the presence of PMNs and 5-lipoxygenase activity appeared covariant in these cell preparations.
PMN depletion was also effective in decreasing the conversion of arachidonate by cyclooxygenase in these cell dispersions (Fig. 4, A and B) . TX and PGE2 production (and their sum) were decreased to levels only slightly above control. Substantial cyclooxygenase activity was also recovered with the adherent PMNs fraction (321±97 fmol/Aug cell protein).
With respect to TX synthase activity, the ratio of TX to PGE2 was not significantly affected by PMN depletion of cell dispersions from nephritic glomeruli. This result, however, implies that PMNs contribute to the increase in TX synthase activity rather than not. If PMNs made no contribution, then the TX synthase activity should rise in the nonadherent cell fraction and be absent from the adherent fraction (i.e., there would be an enrichment of TX synthase specific activity by removal of noncontributing cells). Such enrichment of 5-lipoxygenase activity in the adherent PMNs was observed above. The contribution of PMNs to TX synthase in cell dispersion from nephritic glomeruli was corroborated by the observation that the adherent cell fraction (i.e., PMNs) did make substantial TX (44±8 fmol/,g cell protein) and exhibited a TX/PGE2 ratio comparable to the unfractionated population (0.25±0.04). This contribution must of necessity be indirect, however, in that PMNs lack the capacity to make TX ( 19) .
Role ofplatelets in the enhanced glomerular eicosanoid synthesis in NTN. Because platelets produce prodigious amounts of TX, we conjectured that platelets might contribute to the alterations in glomerular eicosanoid during NTN, particularly with respect to TX synthase. In consequence, we next addressed the role of platelets in the enhanced glomerular eicosanoid synthesis in acute NTN using an antiplatelet antibody as an immunocytochemical probe in the glomerular cell dissociations and to deplete platelets in vivo before disease induction.
Immunocytochemical analysis ofthe above glomerular dissociates from nephritic rats using the HRP-labeled antiplatelet antibody showed the presence of 15±1 platelets per 100 cells (n = 3). Platelets were found both singly and in aggregates. The majority of platelets were found in association with PMNs (43±5%). The rest of the platelets were either unassociated with cells (39±6%) or associated with non-PMNs (i.e., either macrophages or mesangial cells, 18±3%). Glomerular cell dissociates from animals who had been platelet-depleted in vivo before the induction of NTN showed < 1 platelet per 100 cells. These data suggested that platelet deposition within glomeruli might contribute to the increased TX synthase observed in NTN.
We addressed this possibility by subsequently examining the effect ofthe anti-platelet antibody on the enhanced glomer- II ular eicosanoid production that accompanies NTN. In accordance with previous observations (8, 9), constitutive glomerular TX production increased substantially with NTN (Fig. 5  A) . Platelet depletion before induction of NTN decreased the production of TX by glomeruli by -75% (Fig. 5 A) . Glomerular PGE2 production was not substantially altered by the induction of NTN or by platelet depletion (Fig. 5 A) . Using the sum ofTX and PGE2 as an index oftotal cyclooxygenase activity, however, it was apparent that platelet depletion diminished total cyclooxygenase activity (Fig. 5 B) . Moreover, using the ratio of TX to PGE2 as an index of TX synthase activity, we additionally found that platelet depletion markedly diminished the increase in TX synthase that occurred in acute NTN (Fig. 5  B) . Identical results were obtained ifangiotensin II-stimulated TX and PGE2 production were used in lieu of constitutive production (data not shown). Thus, platelets appeared to be essential to both the increase in glomerular cyclooxygenase and TX synthase in NTN. With respect to the 5-lipoxygenase pathway, platelet depletion decreased ionomycin-stimulated LTB4 production by -60% (Fig. 5 C) . Constitutive LTB4 formation was also detectible in NTN but not in either controls or platelet-depleted nephritic animals (data not shown). Since platelets lack a 5-lipoxygenase (1) , their contribution to glomerular 5-lipoxygenase activity must be indirect. In light of the above studies suggesting that the PMN is the source of glomerular LTB4, we conjectured that platelet depletion might be affecting the migration of PMNs. We thus assessed the effect of platelet depletion on the glomerular inflammatory cell infiltrate. As shown in Fig. 6 , acute NTN was characterized by a substantial inflammatory cell influx that was largely composed of PMNs. With platelet depletion there was a modest decrease in the inflammatory cell influx; however, there was a marked change in its composition (Fig. 6) . PMN influx was decreased by 50%, whereas macrophage influx increased.
Notably, platelet depletion attenuated the inflammatory injury in acute NTN in terms ofproteinuria. Proteinuria over the 24 h subsequent to disease induction was 322±54 mg in acute NTN vs. 80±32 mg in NTN postplatelet depletion (n = 11 and 4, respectively, p < 0.05, 5±1 mg in controls).
Discussion
NTN and related models of glomerulonephritis are characterized by a marked enhancement in glomerular eicosanoid synthesis (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Glomerular eicosanoids may then act as paracrine regulators of many of the pathophysiological alterations that accompany the disease process (2, 5, 7, 8, 10, 13) . In this study we have addressed the biochemical and cellular mechanisms underlying the altered glomerular eicosanoid production in acute NTN.
Using both exogenous arachidonate and LTA4, we observed that the major change in the glomerular 5-lipoxygenase pathway in the context of inflammation was an increase in 5-lipoxygenase activity. LTA4 hydrolase activity was unchanged by NTN. This change in 5-lipoxygenase activity appeared to result from the influx of PMNs into the glomerulus. This assertion is most directly supported by the cell-dissociation experiments in which the depletion of PMNs from cell preparations from inflamed glomeruli commensurately diminished LTB4 production and in which the adherent cell fraction (composed of PMNs) made substantial amounts of LTB4. These data validate in vivo data that show a correlation between glomerular PMN numbers and LTB4 synthesis in NTN (6, 9) . Although the glomerular dissociates used in this study did not contain glomerular endothelial and epithelial cells, it is unlikely that these cells contribute to alterations in glomerular 5-lipoxygenase, since these cells do not express the 5-lipoxygenase either constitutively or in response to inflammatory mediators (20) . From the available data, we would surmise that the increase in glomerular 5-lipoxygenase activity in NTN results directly from the importation of this enzyme into the glomerulus by PMNs.
The present study also shows that, at the level of intact glomeruli, the 5-lipoxygenase is the rate-limiting step The data additionally suggest that platelets participate in the increase in glomerular 5-lipoxygenase activity in NTN in that platelet depletion attenuated this increase. A similar observation has been made in anti-Thy 1-induced nephritis (4). The effect of platelet depletion appeared to be an indirect one in the current study, mediated through a decrease in PMN influx. Platelet depletion diminished both glomerular LTB4 synthesis and PMN influx equivalently. The implication of these observations is that PMN influx into glomeruli in acute NTN is in part platelet dependent. A platelet dependence for PMN influx has been noted previously in some, though not all, models of immune complex nephritis (22, 23) .
The contribution of macrophages to glomerular LTB4 synthesis in acute NTN appears modest. This study, and previous ones (9, 15) , suggest that the synthetic capacity of the resident macrophage is much more limited than that of the invading PMNs. Additionally, the data derived from platelet depletion suggest that macrophages that are elicited into the glomerulus in glomerular inflammation have little capacity to produce LTB4. The limited capacity ofelicited macrophages to produce LTB4 is supported by other investigations on the heterologous and autologous phases of NTN (9, 24) .
With respect to the cyclooxygenase pathway in acute NTN, we found that both glomerular cyclooxygenase and TX synthase activities were increased. The increase in cyclooxygenase appeared to depend in part on both PMNs and platelets. PMN depletion of dissociated glomerular cells from nephritic glomeruli and in vivo platelet depletion in acute NTN both attenuated the increase in glomerular cyclooxygenase activity. It is impossible to discern the relative contributions of each cell type from the current data since platelet depletion also apparently affected PMN migration and thus may have indirectly affected cyclooxygenase activity. With respect to TX synthase, the data on platelet depletion suggest that platelets make a major contribution to the increase seen in acute NTN. Although the cell dissociation experiments suggest that PMNs contribute to the increase in TX synthase, PMNs lack the capacity to make TX ( 19) . The TX synthase activity in the PMN fraction ofdissociated cells from nephritic glomeruli likely reflects platelet adherence to PMNs as suggested by the immunocytochemical studies using the antiplatelet antibody.
The present study, however, does not entirely rule out a contribution ofglomerular mesangial, epithelial, or endothelial cells to the acute alterations in the cyclooxygenase pathway in NTN. As noted above and previously (8) , angiotensin-induced eicosanoid production is markedly elevated in NTN. Since angiotensin II is a specific mesangial cell agonist (25) , it is clear that mesangial cells can contribute to the enhanced glomerular eicosanoid production in NTN, possibly via release and transcellular metabolism of arachidonate. Moreover, it has been observed that mesangial cell cyclooxygenase expression can be upregulated by cytokines (26) . Additionally, complement activation may induce the synthesis ofTX by glomerular epithelial cells (27) . Thus, the observed changes in glomerular cyclooxygenase and TX synthase activities in acute NTN may involve the resident glomerular cells in addition to the invading PMNs and platelets.
The data, however, do suggest that platelets and PMNs are important for the full expression ofthe changes in arachidonate metabolism in acute NTN. Moreover, the data suggest that platelets play a role in PMN migration into glomeruli and that platelets may be imported into the glomerulus via their adherence to PMNs. There are several possible (and nonexclusive) mechanisms by which platelets and PMNs may colocalize to the glomerulus. This interaction may be mediated via complement components. This assertion is supported by studies that show that complement depletion prevents the influx of PMNs into the glomerulus in acute NTN (9) and the glomerular deposition of platelets in anti-Thy 1 nephritis (28) . A role for complement receptor 1 (CR1 ) is also suggested by the observations that both platelets and neutrophils have CR1 (29) and that soluble CR1 exerts a protective effect in immune complex injury (30) . Alternatively, the interaction may relate to the propensity ofplatelets to spontaneously adhere to PMNs probably via fibrin/fibrinogen (19) . Fibrin/fibrinogen deposition appears to be an early event in immune complex tissue injury (31 (32) . Additionally, platelets may adhere directly to PMNs via the P-selectin, GMP140/PAD-GEM/CD62 (32) . Regardless of the mechanism, it is clear from this study and studies on leukocyte depletion (9) that both platelets and PMNs contribute to the acute inflammatory injury in terms of proteinuria.
In conclusion, acute NTN is accompanied by an increase in glomerular 5-lipoxygenase, cyclooxygenase, and TX synthase activities. A cooperative interaction between PMNs and platelets appears to be critical to this process. The increase in glo-merular 5-lipoxygenase (and to a certain extent, cyclooxygenase) activity appears to occur as a direct result of the influx of PMNs into the glomerulus, this influx being in part dependent on platelets. Platelets are important for the increase in glomerular TX synthase activity in NTN and may be imported into the glomerulus via their adherence to PMNs. Both cell types contribute to the acute glomerular damage that occurs. These data emphasize the important role that PMNs and platelets play in acute immune-mediated glomerular injury and suggest an interesting parallelism with the process of hemostasis.
